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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a device for converting a video format in a digital 
television receiver. 
5 Background of the Related Art 

The digital TV receiver should be capable of processing, and providing videos of different 
formats, to require a device for converting an input video format into an output video format. 
As shown in Fig, 1 , a related art device for converting a video format is provided with a vertical 
f interpolation unit 1 1 having a plurality of vertical N :M interpolators 1 1 a, 1 1 b, 1 1 c, — , connected 

J 10 in parallel, a horizontal interpolation unit 1 2 having a plurality of horizontal N:M interpolators 
l v 12a, 12b, 12c, 12d, — , connected in parallel, and a multiplexer 13. For example, if a received 

video format is "720x1280", the vertical 2:3 interpolator 1 la and the horizontal 2:3 interpolator 

Saw? 

-J 12a subject the received video format to interpolation, to provide a converted video format of 

^ "1280x1920" through the multiplexer 13. And, if the received video format is "720x1280", the 

1 5 vertical 2:3 interpolator 1 la and the horizontal 2:3 interpolator 12a subject the received video 
format to interpolation, to provide a converted video format of "1 080x1 920 M through the 
multiplexer 13. In other word, the related art device requires many vertical N:M interpolators 
and many horizontal N:M interpolators depending on a number of received video formats. Thus, 
since the related art device requires new interpolators every time a new input format is added, 
20 the related art device has a demerit of having a large size. And, the related art device has a 
demerit that a modification of a circuit for adoptation of the new input or output video is not 
easy. In order to overcome the foregoing demerits, as shown in Fig. 2, U.S.P. 5,528,301 teaches 
use of 3 filters. That is, a decimation filter in Fig. 2 decimates a received video format at a 



coefficient for each aspect ratio of received video format. Then, a band limiting filter 22 limits 
a frequency band, and, finally, an interpolation filter 23 filters the limited video signal, to provide 
a low frequency band only, to provide a desired video format from the interpolation filter, at the 
end. However, the use of three filters costs high and causes the size larger. And, because 
5 determination of tap coefficients are complicated, the design is not easy. 

SUMMARY OF THE INVENTION 
Accordingly, the present invention is directed a device for converting a video format in 
a digital television receiver that substantially obviates one or more of the problems due to 
limitations and disadvantages of the related art. 
10 An object of the present invention is to provide a device for converting a video format 

in a digital television receiver, which can be realized with a small sized hardware and applicable 
to a new format with easy. 

Other object of the present invention is to provide a device for converting a video format 
in a digital television receiver, which costs low. 
1 5 Another object of the present invention is to provide a digital TV receiver provided with 

a low cost device for converting a video format. 

Additional features and advantages of the invention will be set forth in the description 
which follows, and in part will be apparent from the description, or may be learned by practice 
of the invention. The objectives and other advantages of the invention will be realized and 
20 attained by the structure particularly pointed out in the written description and claims hereof as 
well as the appended drawings. 

To achieve these and other advantages and in accordance with the purpose of the present 
invention, as embodied and broadly described, the device for converting a video format includes 



a control unit for determining a conversion operation to be conducted at a time point according 
to an input video format of an input video signal and an output video format of an output video 
signal desired to provide, and providing control signals suitable for the operation to be conducted 
at the time point. A processing unit conducts operations required for converting the input video 
5 format into the output video format desired to provide in response to the control signals form the 
control unit. The processing unit has a first processing unit and a second processing unit. The 
first processing unit includes a delay for delaying a received luminance signal, an operand 
mapping unit for utilizing the delayed luminance signal from the delay and a luminance signal 
received presently in determining initial operands to be used in a conversion operation equation, 

10 i.e., a first value ( a' and a second value 'b\ according to a format conversion ratio, a numerator 
generating unit for generating a numerator in the conversion operation equation using the 
operands of the conversion operation equation from the operand mapping unit, and a 
denominator generating unit for selecting a denominator of the conversion operation equation, 
dividing the numerator of the conversion operation equation from the numerator generating unit 

15 with the selected denominator, to obtain a converted luminance signal, the second processing 
unit includes a delay for delaying a chrominance signal, an averaging unit for averaging a 
chrominance signal Cn-1 received presently and the chrominance signal delayed in the delay, a 
first multiplexer for selectively providing either one of the chrominance signal received presently 
and a value from the averaging unit under the control of the control unit, a second multiplexer 

20 for selectively providing either one of the chrominance signal Cn delayed in the delay and a value 
from the averaging unit under the control of the control unit, an operand mapping unit for 
utilizing the delayed luminance signal from the delay and a luminance signal received presently 
in determining initial operands to be used in a conversion operation equation, i.e., a first value 

4 



'a' and a second value 'b', according to a format conversion ratio, a numerator generating unit for 
generating a numerator in the conversion operation equation using the operands of the conversion 
operation equation from the operand mapping unit, and a denominator generating unit for 
selecting a denominator of the conversion operation equation, dividing the numerator of the 
conversion operation equation from the numerator generating unit with the selected denominator, 
to obtain a converted luminance signal. 

It is to be understood that both the foregoing general description and the following 
detailed description are exemplary and explanatory and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are included to provide a further understanding of 
the invention and are incorporated in and constitute a part of this specification, illustrate 
embodiments of the invention and together with the description serve to explain the principles 
of the invention: 

In the drawings: 

Fig. 1 illustrates a block diagram showing one of systems of a related art device for 
converting a video format; 

Fig. 2 illustrates a block diagram showing another one of systems of a related art device 
for converting a video format; 

Fig. 3 A illustrates a block diagram showing a system of a device for converting a video 
format in accordance with a preferred embodiment of the present invention, schematically; 

Fig. 3B illustrates a block diagram showing key parts of the device shown in Fig, 3 A; 

Fig. 3C illustrates a block diagram showing detail of Fig. 3B; 



Fig. 4 illustrates a diagram for explaining different display modes of a digital TV receiver; 
Fig. 5 illustrates a block diagram showing a system of the first processing unit in Fig. 3C; 
Fig. 6 illustrates a detailed system of Fig. 5; 

Fig. 7 illustrates a block diagram showing a system of the second processing unit in Fig. 

3C; 

Figs. 8A and 8B illustrate diagrams each for explaining a process for converting a 
luminance signal in a horizontal direction; 

Figs. 9A and 9B illustrate diagrams each for explaining a process for converting a 
chrominance signal in a horizontal direction; and, 

Fig. 10 illustrates a block diagram showing another system of a device for converting a 
video format in accordance with a preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
Reference will now be made in detail to the preferred embodiments of the present 
invention, examples of which are illustrated in the accompanying drawings. Fig. 3A illustrates 
a block diagram showing a system of a device for converting a video format in accordance with 
a preferred embodiment of the present invention, schematically. 

Referring to Fig. 3 A, an input video signal is low pass filtered through a filter unit 100 
and has its format converted in vertical, and horizontal directions to match to a desired output 
format through a vertical format converting unit 200 and a horizontal format converting unit 300. 
In Fig. 3 A, reference numeral 400 denotes a tuner for synchronizing to a signal of a desired 
channel, 500 denotes an intermediate frequency(IF) signal generating unit for generating an 
intermediate frequency signal of the synchronized channel signal, 600 denotes an audio signal 
processing unit for processing the intermediate frequency signal such that only an audio signal 



in the intermediate frequency signal is audible, and 700 denotes a video signal processing unit 
for processing a video signal in the intermediate frequency signal for obtaining a chrominance 
signal and a luminance signal. In Fig. 3 A, Y denotes a luminance signal in the video signal, Cb 
and Cr denote chrominance signals. Each of the vertical format converting unit 200 and the 
horizontal format converting unit 300 shown in Fig. 3 A has a system as shown in Fig. 3B. That 
is, Fig. 3B illustrates a detailed block diagram of the vertical format converting unit 200 or the 
horizontal format converting unit 300. Fig. 3B shows a control unit 3 1 and a processing unit 32, 
for making an operation to obtain a desired output video format. The control unit 3 1 determines 
an operation which should be conducted at the next time based on an operation conducted 
presently according to an input video format and an output video format, and controls the 
processing unit 32 for making the operation which should be conducted at the next time. That 
is, the control unit 31 provides a linear interpolation equation for converting input format into 
output format according to the input video format and the output video format and an operation 
equation required for the format conversion using a symmetry of the linear interpolation equation 
to the processing unit 32, and the processing unit 32 conducts the operation. Fig. 3C illustrates 
a block diagram a detailed system of Fig. 3B. In Fig. 3C, the processing unit 32 in Fig. 3B 
includes a first processing unit 32A for converting a luminance signal Y format in a received 
video signal to a desired format, a second processing unit 32B for converting chrominance signal 
Cb and Cr formats in the received video signal into desired formats, and a separating unit 32c for 
separating the received video signal into chrominance signals Cb and Cr and a luminance signal 
Y. 

Fig. 4 illustrates a diagram for explaining different display modes of a digital TV receiver, 
wherein 5 modes of conversion of a received video format with an aspect ratio of 1 6:9 or 4:3 into 



a display video format with an aspect ratio of 16:9 are shown. The five modes are mode 1-1, 
mode 1-2, mode II- 1 , mode II-2, mode III. Tables 1 , 2, and 3 shows relations between input video 
formats and output video formats in a digital TV receiver. 



Table 1 



Input 


vJUipUL 


1VHJU.C 


VYverti ^ ratio 


Hflioriz ^ ratio 


1080x1920 16*9 
540x1920, 16:9 


540x1920, 16:9 


mode 1-2 


1:1(540) 


1:1(1920) 


540x1920, 16:9 


zoom 


1:2(1080) 


1:2(3840) 


720x1280, 16:9 


540x1920, 16:9 


mode 1-2 


4:3(540) 


2:3(1920) 


540x1920, 16:9 


zoom 


2:3(1080) 


1:3(3840) 


480x720, 16:9 


480x1728, 16:9 


mode 1-1 


1:1(480) 


5:12(1728) 


540x1920, 16:9 


mode 1-2 


8:9(540) 


3:8(1920) 


240x720, 16:9 


480x1728, 16:9 


mode 1-1 


1:2(480)-De 


5:12(1728) 


480x720, 4:3 


480x1728, 16:9 


mode 1-1 


1:1(480) 


5:12(1728) 


540x1920, 16:9 


mode 1-2 


8:9(540) 


3:8(1920) 


540x1280, 4:3 


mode II- 1 


1:1(480) 


9:16(1280) 


540x1440, 4:3 


mode II-2 


8:9(540) 


1:2(1440) 


540x1920, 4:3 


mode III 


2:3(720) 


3:8(1920) 
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Table 2 



5 
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Input 


Output 


Mode 


V(verti.) ratio 


H(horiz.) ratio 




480x1728, 16:9 


mode 1-1 


1:2(480)-De 


5:12(1728) 


240x720, 4:3 


480x1280, 4:3 


mode II- 1 


1:2(480)-De 


9:16(1280) 




540x1920, 4:3 


mode III 


1:3(720)-De 


3:8(1920) 




480x1706, 16:9 


mode 1-1 


1:1(480) 


3:8(1706) 




540x1920, 16:9 


mode 1-2 


8:9(540) 


1:3(1920) 


480x640, 4:3 


480x1280, 4:3 


mode II- 1 


1:1(480) 


1:2(1280) 




540x1440, 4:3 


mode II-2 


8:9(540) 


4:9(1440) 




540x1920, 4:3 


mode III 


2:3(720) 


1:3(1920) 




480x1706,16:9 


mode 1-1 


1:2(480)-De 


3:8(1706) 


240x640, 4:3 


480x1280, 4:3 


mode II- 1 


1:2(480)-De 


1:2(1280) 




540x1920, 4:3 


mode III 


1:3(720)-De 


1:3(1920) 


768x1240, 4:3 


540x1489, 4:3 


mode II-2 


17:12(542)-De 


11:16(1489) 


Table 3 


Input 


Output 


Mode 


V(verti.) ratio 


H(horiz.) ratio 




480x1728, 16:9 


mode 1-1 


1:1(480) 


4:9(1728) 




540x1920, 16:9 


mode 1-2 


8:9(540) 


2:5(19280) 


480x768, 4:3 


480x1280, 4:3 


mode II- 1 


1:1(480) 


3:5(1280) 




540x1440, 4:3 


mode II-2 


8:9(540) 


8:15(1440) 




540x1920, 4:3 


mode III 


2:3(720) 


2:5(1920) 




480x1728, 16:9 


mode 1-1 


1:2(480)-De 


4:9(1728) 


240x768, 4:3 


480x1280, 4:3 


mode II- 1 


1:2(480)-De 


3:5(1280) 




540x1920, 4:3 


mode III 


1:3(720)-De 


2:5(1920) 



In tables 1, 2, and 3, modes I denote cases when an output format has an aspect ratio 



16:9, and modes II and modes III are cases when a format has an aspect ratio of 4:3. The "De" 
in the vertical ratio column in tables 1, 2, and 3 denotes that a de-interlacing is conducted, in 
which an interlaced scanning video is converted into a progressive scanning video. 

Details of the first processing unit 32A and the second processing unit 32B both shown 



in Fig. 3C will be explained. Fig. 5 illustrates a block diagram showing a system of the first 
processing unit 32A in Fig. 3C. 

Referring to Fig. 5, the first processing unit 32A includes a delay 321 for delaying a 
received luminance signal, an operand mapping unit 322 for utilizing the delayed luminance 
signal Yn from the delay 321 and a luminance signal Yn-1 received presently in determining 
initial operands to be used in a conversion operation equation, i.e., a first value 'a' and a second 
value 'b', according to a format conversion ratio, a numerator generating unit 323 for generating 
a numerator in the conversion operation equation using the operands of the conversion operation 
equation from the operand mapping unit 322, and a denominator generating unit 324 for selecting 
a denominator of the conversion operation equation, dividing the numerator of the conversion 
operation equation from the numerator generating unit 323 with the selected denominator, to 
obtain a converted luminance signal. The control unit 3 1 recognizes the conversion operation 
equation which should be executed according to the input/output video formats and controls the 
operand mapping unit 322, the numerator generating unit 323, and the denominator generating 
unit 324, such that the operand mapping unit 322, the numerator generating unit 323, and the 
denominator generating unit 324 conduct the conversion operation equation. 

Fig. 6 illustrates a block diagram showing a detailed system of the first processing unit 
32A in Fig. 5. 

Referring to Fig. 5, the operand mapping unit 322 includes a first multiplexer 61 for 
providing a first value 'a', an initial operand, of the conversion operation equation according to 
a format conversion using the delayed luminance signal Yl from the delay 321 and a luminance 
signal Y2 received presently, and a second multiplexer 62 for providing a second value 'b', an 
initial operand, of the conversion operation equation according to a format conversion using the 

10 



delayed luminance signal Yl from the delay 321 and a luminance signal Y2 received presently. 
The numerator generating unit 323 includes a first shift left 63 for shifting the first value 'a' from 
the first multiplexer 61 to a left direction by units of an (n)th power of 2(2 n , n = 0, 1, 2, — ), to 
provide a plurality of values(a, 2a, 4a, 8a, — ) from the first value 'a', a second shift left 64 for 
shifting the second value 'b' from the second multiplexer 62 to a left direction by units of an (n)th 
power of 2(2 n , n = 0, 1 , 2, — ), to provide a plurality of values(b, 2b, 4b, 8b, — ) from the second 
value 'b\ a third multiplexer 65 for receiving the values a, 2a, 4a, 8a, — from the first shift left 
63 and selecting and forwarding one of the values under the control of the control unit 31, a 
fourth multiplexer 66 for selectively providing either one of "a" and "0" from the first shift left 

63 under the control of the control unit 3 1 , a fifth multiplexer 67 for selectively providing either 
one of values b, 2b, 4b, and 8b from the second shift left 64 under the control of the control unit 
31, a sixth multiplexer 68 for receiving the values 4b, 8b, and 16b from the second shift left 64 
and "0" and selectively providing any one of the received ones under the control of the control 
unit 3 1 , a seventh multiplexer 7 1 for receiving the values b, 2b, and 4b from the second shift left 

64 and "0" and selectively providing any one of the received ones under the control of the control 
unit 3 1 , an operator 68 for subjecting a value from the third multiplexer 65 and a value from the 
fourth multiplexer 66 to operation(addition or subtraction), a first adder 70 for adding values 
from the fifth multiplexer 67 and the first multiplexer 71 , a subtracter 72 for subtracting a value 
from the seventh multiplexer 7 1 from a value from the first adder 70, and a second adder 73 for 
adding values from the operator 69 and the subtracter 72, to generate a numerator fl of the 
conversion operation equation. The denominator generating unit 324 includes a shift right 74 
for shifting the numerator f 1 from the numerator generating unit 323 to a right direction by units 
of (n)th power of 2(2 n , n = 0, 1, 2, 3, — ), to provide a plurality of values Vz, 1/4, 1/8, 1/16, 

11 



(n = 0, 1, 2, 3, — ), an eighth multiplexer 75 for receiving the values fl, fl/2, and fl/4 from the 
shift right 74 and providing any one of the values under the control of the control unit 31, a 
divider 76 for dividing a value from the eighth multiplexer 75 by three, a ninth multiplexer 77 
for selectively providing either one of a value f 1 from the numerator generating unit 323 and the 

5 value from the first divider 76, a second divider 78 for dividing a value from the ninth 
multiplexer 77 by "five", a third divider 79 for dividing a value from the first divider 76 by 
"three", and a tenth multiplexer 80 for selectively providing one of values from the first, second, 
and third dividers 76, 78, and 79, a luminance signal Y2 received presently, and a value from the 
shift right 74 as a converted luminance signal under the control of the control unit 31. A detailed 

10 system as shown in Fig. 6 may be varied as a designer intends. 

Fig. 7 illustrates a block diagram showing a system of the second processing unit 32B in 
Fig. 3C. 

Referring to Fig. 7, the second processing unit 32B includes an averaging unit 92 for 
averaging a chrominance signal Cn- 1 received presently and a chrominance signal delayed in the 

1 5 delay 9 1 , a first multiplexer 93 for selectively providing either one of the chrominance signal Cn- 
1 received presently and a value from the averaging unit 92 under the control of the control unit 
31, and a second multiplexer 94 for selectively providing either one of the chrominance signal 
Cn delayed in the delay 9 1 and a value from the averaging unit 92 under the control of the control 
unit 3 1 , in addition to the first processing unit 32A shown in Fig. 5 . Others in Fig. 7, such as the 

20 operand mapping unit 322, the numerator generating unit 323, and the denominator generating 
unit 324 are identical to those in Fig. 5 in all aspects, which shows a device for a luminance 
signal format conversion. The control unit 3 1 in Fig. 7 is also identical to the control unit 3 1 in 
Fig. 5 in all aspects. That is, control signals from the control unit 3 1 also are shared with the first 

12 



processing unit 3 2 A for luminance signal format conversion. Accordingly, detailed explanations 
on Fig. 7 will be omitted. 

A process for converting a luminance signal format in a horizontal direction using the 
foregoing device for converting a video format in a digital television receiver of the present 
invention will be explained in detail, with reference to Figs. 8A and 8B. Fig. 8A illustrates a 
diagram showing a process for converting a luminance signal in an input video signal in a 
horizontal direction when an input video format and an output video format have a horizontal 
direction ratio of 3:8, and Fig. 8B illustrates a diagram showing a process for converting a 
luminance signal in an input video signal in a horizontal direction when an input video format 
and an output video format have a horizontal direction ratio of 2:5. That is, as shown in Fig. 8 A, 
by repeating operations of 'a', (a+7b)/8, (a+3b)/4, (3a+5b)/8, (a+b)/2, a desired output video 
format can be obtained when an input video format and an output video format have a horizontal 
direction ratio of 3 :8. And, by repeating operations of 'a', (a+4b)/5, (2a+3b)/5, a desired output 
video format can be obtained when an input video format and an output video format have a 
horizontal direction ratio of 2:5. As explained, those operations are conducted by the operand 
mapping unit 322, the numerator generating unit 323, and the denominator generating unit 324. 
All operations required for format conversions for all horizontal ratios of the input format and 
the output format are 'a', (a+b)/2, (a+2b)/3, (a+3b)/4, (a+5b)/6, (a+7b)/8, (3a+5b)/8, (2a+9b)/9, 
(a+8b)/9, (4a+5b)/9, (a+1 lb)/12, (5a+7b)/12, (a+14b)/l 5, (2a+13b)/15, (4a+l lb)/15, (7a+8b)/15, 
(a+15b)/16, (3a+13b)/16, (5a+llb)/16, and (7a+9b)/16. The above operations are arranged 
considering a symmetry. 

Referring to Fig. 6, upon reception of the luminance signal Y2 received presently and the 
luminance signal Yl delayed through the delay 321 on the same time, the operand mapping unit 

13 



322 selects the first value 'a' and the second value V for the operations cited above being the 
luminance signal Yl or the luminance signal Y2 using the first multiplexer 61 and the second 
multiplexer 62. For example, if the required operation is (3a+5b)/8, it determines whether it is 
conduction of (3Yl+5Y2)/8 or (3Y2+5Yl)/8. When the first value 'a' and the second value V 
determined thus are provided to the first shift left 63 and the second shift left 64, the first value 
'a' and the second value 'b', the operands, are made of required shift lefts. As a result, a plurality 
of intermediate numerator operands having coefficient different from one another are obtained 
from the first value 'a' and the second value 'b\ Then, final operands with required coefficients 
are generated through the third to seventh multiplexers 65, 66, 67, 68, and 7 1 , the operator(adder 
or subtracter) 69, a first adder 70, a second adder 73, and subtracter 72, and final denominator 
of the operation is generated. Therefore, in the case of (3a+5b)/8 operation, the first shift left 63 
shift lefts the received first value 'a', to obtain the above intermediate operands. From the 
intermediate operands, the third multiplexer 65 selects "2a" and the fourth multiplexer 66 selects 
"a", both of which are provided to the operator(adder or subtracter) 69. The operator (adder or 
subtracter) 69 subjects the intermediate numerators '2a' and 'a' from the third multiplexer 65 and 
the fourth multiplexer 66, to provide a first final operand "3a". And, the second shift left 64 shift 
lefts the received second value "b", to obtain a plurality of intermediate numerator operands. 
From the intermediate numerator operands, the fifth multiplexer 67 selects the second value "b", 
and the sixth multiplexer 68 selects "4b", both of which are provided to the first adder 70. The 
first adder 70 adds the received "4b" and "b" to make "4a+b", and provides to the second adder 
73 as a second final operand. In this instance, another second final operand may be calculated 
using the seventh multiplexer 71 and the subtracter 72. The second adder 73 adds the first final 
operand "3a" from the operator(adder or subtracter) 69 and the second final operand "5b" from 
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the subtracter 72, and provides a numerator "3a+5b" of the operation equation to the denominator 
generating unit 324. For dividing operation, the shift right 74 in the denominator generating unit 
324 shift rights the numerator "3a+5b" many times, to provide a plurality of intermediate 
denominator operands with coefficients different from one another. For example, to obtain 
"3a+5b/8", the shift right" shifts right the numerator "3a+5b" by 3 bits to divide "3a+5b" by 8. 
That is, by right shifting by 3 bits, a coefficient of thirds power of 1 /2(l/8) can be obtained. If a 
dividing operation can not be made only by the shifting of shift right 74, that is, in a case like 3, 
a first DIV 3 76 is used, in a case like 5, a DIV 5 78 is used, and in a case like 1 5, 1 5 is divided 
by 3 in the first DIV 3 76, divided by 5 in the DIV 5 78 again, and selectively provided through 
the tenth multiplexer 80. Thus, the system shown in Fig. 6 can carry out all horizontal 
conversion of the input video format and the output video format shown in Table 1 . By simple 
change of a control program for the control unit 3 1 , the shift left, and the shift right, i.e., by small 
addition to the adders and the subtracters, all operations, other than the format ratios of the input 
video format and the output video format shown in table 1 , required for changing a complicated 
format change can be made without addition of a complicated hardware. In the meantime, the 
control unit 3 1 in Fig. 5 implements a state machine. That is, as shown in Fig. 8 A, when a ratio 
between an input video format and an output video format is 3 : 8, the state transition proceeds 
along a path of equation (1), below. 

a - (3a+5b)/8 - (a+3b)/4 - (a+7b)/8 - --- - a (1) 

Accordingly, the control unit 3 1 provides control signals to the processing unit 32 so that 
the processing unit 32 processes respective operations. In response to the control signals, the 
processing unit 32 conducts respective operations. The control unit 3 1 can be implemented with 
hardware having a plurality of flip-flops and a small number of combinational logics. 

15 



Figs. 9A and 9B illustrate diagrams each for explaining a process for converting a 
chrominance signal in a horizontal direction; wherein Fig. 9A illustrates a case when a ratio of 
an input video format and an output video format is 3 : 8 and Fig. 9B illustrates a case when a ratio 
of an input video format and an output video format is 2:5. As the conversion processes of the 
formats are identical to the cases of Figs. 8 A and 8B, the detail explanations will be omitted. The 
explanations up to now are mostly on a horizontal format conversion of a luminance signal. In 
the meantime, a chrominance signal format conversion can be implemented using almost 
identical system and process. And, the control signals from the control unit 31 are identical to 
the case of the luminance signal format conversion. Referring to Figs. 9A and 9B, one 
chrominance signal is provided at every two luminance signals. A new chrominance signal CI 2 
or C23 is generated and provided from an introduction portion of the processing unit 32B to a 
portion to which no chrominance signal is provided. That is, as shown in Fig. 9A and 9b, since 
the chrominance signal is provided in a form of 4:2:2, the chrominance signal is present half of 
the luminance signal. Therefore, in order to fill in spaces between the chrominance signals, 
intermediate chrominance signals CI 2, C23, — , are generated by the averaging unit 92. The 
received chrominance signals Cn- 1 , Cn and the newly generated intermediate chrominance signal 
are selected by the first multiplexer 93 and the second multiplexer 94 under the control of the 
control unit 3 1 . Accordingly, the chrominance signals have a ratio of 4:4:4. Therefore, as shown 
in Fig. 3C, the control unit 3 1 can be shared with the first processing unit 32A which makes a 
luminance signal format conversion. And, the second processing unit 32B for making a 
chrominance signal format conversion may have a system identical to the first processing unit 
32A. 

Fig. 10 illustrates a block diagram showing another system of a device for converting a 
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video format in accordance with a preferred embodiment of the present invention. The device 
in Fig. 10 is identical to the device shown in Fig. 3 A except for a ratio detecting unit 800. The 
ratio detecting unit 800 detects a format conversion ratio from an input video format to an output 
video format. Then, the ratio detecting unit 800 provides the detected format conversion ratio 
to the vertical format converting unit 200 and the horizontal format converting unit 300 shown 
in Fig. 3 A, both having the control unit 3 1 and the processing unit 32. Then, each of the vertical 
format converting unit 200 and the horizontal format converting unit 300 converts an input video 
format into an output video format of the nearest ratio to a format conversion ratio detected by 
the ratio detecting unit 800, i.e., the nearest ratio among ratios already implemented based on the 
Table 1. 

The present invention has the following advantages. 

First, the device for converting a video format of the present invention can be embodied 
with a small sized hardware and requires very simple modification of hardware for being 
adoptive to an addition of a new format. 

Second, the device of the present invention facilitates a size reduction by approx. 50%, 
that makes a compact size available. 

Third, display of a variety of modes the user requires are made available with easy. 

It will be apparent to those skilled in the art that various modifications and variations can 
be made in the device for converting a video format in a digital television receiver of the present 
invention without departing from the spirit or scope of the invention. Thus, it is intended that 
the present invention cover the modifications and variations of this invention provided they come 
within the scope of the appended claims and their equivalents. 
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What is Claimed is: 

1. A device for converting a video format comprising: 

a control unit for determining an operation conducted at the present time, recognizing an 
operation to be conducted at the next time based on the operation conducted at the present time, 
and providing control signals suitable for the operation to be conducted at the next time, 
according to an input video format of an input video signal and an output video format of an 
output video signal desired to provide; and, 

a processing unit for conducting operations required for converting the input video format 
into the output video format desired to provide in response to the control signals form the control 
unit. 

2. A device as claimed in claim 1, wherein the processing unit includes; 

a first processing unit for converting a luminance signal format in the input video signal 
into a desired output video format, 

a second processing unit for converting a chrominance signal format in the input video 
signal into a desired output video format, and 

a separating unit for separating the received video signal into chrominance signals and 
a luminance signal. 

3. A device as claimed in claim 2, wherein the first processing unit includes; 
a delay for delaying a received luminance signal, 

an operand mapping unit for utilizing the delayed luminance signal from the delay and 
a luminance signal received presently in determining initial operands to be used in a conversion 
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operation equation, i.e., a first value ( a' and a second value 'b', according to a format conversion 
ratio, 

a numerator generating unit for generating a numerator in the conversion operation 
equation using the operands of the conversion operation equation from the operand mapping unit, 
5 and 

a denominator generating unit for selecting a denominator of the conversion operation 
equation, dividing the numerator of the conversion operation equation from the numerator 
generating unit with the selected denominator, to obtain a converted luminance signal. 

4. A device as claimed in claim 3, wherein the operand mapping unit includes; 

10 a first multiplexer for providing a first value 'a', an initial operand, of the conversion 

operation equation according to a format conversion using the delayed luminance signal Yl from 
the delay and a luminance signal Y2 received presently, and 

a second multiplexer for providing a second value 'b', an initial operand, of the 
conversion operation equation according to a format conversion using the delayed luminance 

15 signal Yl from the delay and a luminance signal Y2 received presently. 

5. A device as claimed in claim 3, wherein the numerator generating unit includes; 

a first shift left for shifting the first value 'a' from the first multiplexer to a left direction 
by units of an (n)th power of 2(2 n , n - 0, 1, 2, — ), to provide a plurality of values(a, 2a, 4a, 8a, 
— ) from the first value 'a 3 , which are first intermediate operands, 
20 a second shift left for shifting the second value V from the second multiplexer to a left 

direction by units of an (n)th power of 2(2 n , n = 0, 1 , 2, ---), to provide a plurality of values(b, 2b, 
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4b ; 8b, — ) from the second value 'b\ which are second intermediate operands, and 

an operation processing unit for conducting operations required for obtaining the final 
operands and the numerators in the conversion operation equation from the first intermediate 
operands and the second intermediate operands. 

6. A device as claimed in claim 5, wherein the operation processing unit includes; 

a third multiplexer for receiving the values a, 2a, 4a, 8a from the first shift left and 
selecting and forwarding one of the values under the control of the control unit, 

a fourth multiplexer for selectively providing either one of "a" and "0" from the first shift 
left under the control of the control unit, 

a fifth multiplexer for selectively providing either one of values b, 2b, 4b, and 8b from 
the second shift left under the control of the control unit, 

a sixth multiplexer for receiving the values 4b, 8b, and 1 6b from the second shift left and 
"0" and selectively providing any one of the received ones under the control of the control unit, 

a seventh multiplexer for receiving the values b, 2b, and 4b from the second shift left and 
"0" and selectively providing any one of the received ones under the control of the control unit, 

an operator for subjecting a value from the third multiplexer and a value from the fourth 
multiplexer to different operation as necessary, 

a first adder for adding values from the fifth multiplexer and the first multiplexer, 

a subtracter for subtracting a value from the seventh multiplexer from a value from the 
first adder, and 

a second adder for adding values from the operator and the subtracter, to generate a 
numerator f 1 of the conversion operation equation. 
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7. A device as claimed in claim 6, wherein the operator is either an adder or a subtracter. 

8. A device as claimed in claim 3, wherein the denominator generating unit shifts the 
numerator fl from the numerator generating unit by units of (n)th power(n=0, 1, 2, 3, — ) of 2 
in a right direction, to provide a plurality of values 1 /2, 1/4, 1/8, 1/16, — (n=0, 1, 2, 3, — ), and 

an operation processing unit for processing operations required for obtaining denominator 
of the conversion operation equation and a luminance signal having a final converted format 
using the plurality of values. 

9. A device as claimed in claim 8, wherein the operation processing unit includes; 

an eighth multiplexer for receiving the values fl, fl/2, and fl/4 from the shift right and 

providing one of the values under the control of the control unit, 

a first divider for dividing a value from the eighth multiplexer by three, 

a ninth multiplexer for selectively providing either one of a value f 1 from the numerator 

generating unit and the value from the first divider, 

a second divider for dividing a value from the ninth multiplexer by "five", 

a third divider for dividing a value from the first divider by "three", and 

a tenth multiplexer for selectively providing one of values from the first, second, and third 

dividers, a luminance signal Y2 received presently, and a value from the shift right as a converted 

luminance signal under the control of the control unit. 

10. A device as claimed in claim 2, wherein the second processing unit includes; 
a delay for delaying a chrominance signal, 
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an averaging unit for averaging a chrominance signal Cn-1 received presently and the 
chrominance signal delayed in the delay, 

a first multiplexer for selectively providing either one of the chrominance signal received 
presently and a value from the averaging unit under the control of the control unit, and 

a second multiplexer for selectively providing either one of the chrominance signal Cn 
delayed in the delay and a value from the averaging unit under the control of the control unit, 

an operand mapping unit for utilizing the delayed luminance signal from the delay and 
a luminance signal received presently in determining initial operands to be used in a conversion 
operation equation, i.e., a first value ( a' and a second value ( b', according to a format conversion 
ratio, 

a numerator generating unit for generating a numerator in the conversion operation 
equation using the operands of the conversion operation equation from the operand mapping unit, 
and 

a denominator generating unit for selecting a denominator of the conversion operation 
equation, dividing the numerator of the conversion operation equation from the numerator 
generating unit with the selected denominator, to obtain a converted luminance signal. 

1 1. A device as claimed in claim 10, wherein the operand mapping unit includes; 

a third multiplexer for providing a first initial operand value 'a' of the conversion 
operation equation according to a format conversion using the signals from the first multiplexer 
and the second multiplexer, and 

a fourth multiplexer for providing a second initial operand value 'b' of the conversion 
operation equation according to a format conversion using the signals from the first multiplexer 
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and the second multiplexer. 



12. A device as claimed in claim 10, wherein the numerator generating unit includes; 

a first shift left for shifting the value 'a' from the third multiplexer to a left direction by 
units of an (n)th power of 2(2 n , n = 0, 1 , 2, — ), to provide a plurality of values(a, 2a, 4a, 8a, — ) 
from the value 'a 1 , which are first intermediate operands, 

a second shift left for shifting the value V from the fourth multiplexer to a left direction 
by units of an (n)th power of 2(2 n , n - 0, 1 , 2, — ), to provide a plurality of values(b, 2b, 4b, 8b, 
— ) from the value 'b', which are second intermediate operands, and 

an operation processing unit for conducting operations required for obtaining the final 
operands and the numerators in the conversion operation equation from the first intermediate 
operands and the second intermediate operands. 

13. A device as claimed in claim 12, wherein the operation processing unit includes; 

a third multiplexer for receiving the values a, 2a, 4a, 8a from the first shift left and 
selecting and forwarding one of the values under the control of the control unit, 

a fourth multiplexer for selectively providing either one of "a" and "0" from the first shift 
left under the control of the control unit, 

a fifth multiplexer for selectively providing either one of values b, 2b, 4b, and 8b from 
the second shift left under the control of the control unit, 

a sixth multiplexer for receiving the values 4b, 8b, and 1 6b from the second shift left and 
"0" and selectively providing any one of the received ones under the control of the control unit, 

a seventh multiplexer for receiving the values b, 2b, and 4b from the second shift left and 
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"0" and selectively providing any one of the received ones under the control of the control unit, 
an operator for subjecting a value from the third multiplexer and a value from the fourth 

multiplexer to different operation as necessary, 

a first adder for adding values from the fifth multiplexer and the first multiplexer, 
5 a subtracter for subtracting a value from the seventh multiplexer from a value from the 

first adder, and 

a second adder for adding values from the operator and the subtracter, to generate a 
numerator f 1 of the conversion operation equation. 



14. A device as claimed in claim 13, wherein the operator is either an adder or a 
1 0 subtracter. 



15. A device as claimed in claim 10, wherein the denominator generating unit shifts the 
numerator fl from the numerator generating unit by units of (n)th power(n=0, 1, 2, 3, — ) of 2 
in a right direction, to provide a plurality of values V2, 1/4, 1/8, 1/16, — (n=0 ? 1, 2, 3, — ), and 

an operation processing unit for processing operations required for obtaining denominator 
15 of the conversion operation equation and a luminance signal having a final converted format 
using the plurality of values. 

16. A device as claimed in claim 15, wherein the operation processing unit includes; 
an eighth multiplexer for receiving the values fl, fl/2, and fl/4 from the shift right and 

providing one of the values under the control of the control unit, 
20 a first divider for dividing a value from the eighth multiplexer by three, 
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a ninth multiplexer for selectively providing either one of a value f 1 from the numerator 

generating unit and the value from the first divider, 

a second divider for dividing a value from the ninth multiplexer by "five", 
a third divider for dividing a value from the first divider by "three", and 
5 a tenth multiplexer for selectively providing one of values from the first, second, and third 

dividers, a chrominance signal Y2 received presently, and a value from the shift right as a 

converted chrominance signal under the control of the control unit. 

17. A digital television receiver, comprising: 
an antenna; 

10 a tuner for synchronizing to a desired channel signal; 

an intermediate frequency signal generating unit for generating an intermediate frequency 
signal of the synchronized channel signal; 

an audio signal processing unit for processing an audio signal only in the intermediate 
frequency signal so that the audio signal is audible; 
15 a video signal processing unit for processing a video signal only in the intermediate 

frequency signal for obtaining chrominance signals and a luminance signal; 

a filter unit for low pass filtering the video signal from the video signal processing unit; 
a vertical format converting unit for converting a video signal format from the filter unit 
in a vertical direction to match to a desired output signal format; and, 
20 a horizontal format converting unit for converting a video signal format from the vertical 

format converting unit in a horizontal direction to match to a desired output video signal format, 
wherein each of the vertical format converting unit and the horizontal format converting unit 
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includes; 

a control unit for determining an operation conducted at the present time, recognizing an 
operation to be conducted at the next time based on the operation conducted at the present time, 
and providing control signals suitable for the operation to be conducted at the next time, 
according to an input video format of an input video signal and an output video format of an 
output video signal desired to provide, 

a first processing unit for converting a luminance signal format in the input video signal 
into a desired output video format, 

a second processing unit for converting a chrominance signal format in the input video 
signal into a desired output video format, and 

a separating unit for separating the received video signal into chrominance signals and 
a luminance signal. 

18. A device as claimed in claim 17, wherein the first processing unit includes; 
a delay for delaying a received luminance signal, 

an operand mapping unit for utilizing the delayed luminance signal from the delay and 
a luminance signal received presently in determining initial operands to be used in a conversion 
operation equation, i.e., a first value 'a' and a second value 'b', according to a format conversion 
ratio, 

a numerator generating unit for generating a numerator in the conversion operation 
equation using the operands of the conversion operation equation from the operand mapping unit, 
and 

a denominator generating unit for selecting a denominator of the conversion operation 
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equation, dividing the numerator of the conversion operation equation from the numerator 
generating unit with the selected denominator, to obtain a converted luminance signal. 

19. A device as claimed in claim 18, wherein the operand mapping unit includes; 

a first multiplexer for providing a first value 'a', an initial operand, of the conversion 
5 operation equation according to a format conversion using the delayed luminance signal Y 1 from 
the delay and a luminance signal Y2 received presently, and 

a second multiplexer for providing a second value 'b', an initial operand, of the 
conversion operation equation according to a format conversion using the delayed luminance 
signal Yl from the delay and a luminance signal Y2 received presently. 

10 20, A device as claimed in claim 18, wherein the numerator generating unit includes; 

a first shift left for shifting the first value 'a' from the first multiplexer to a left direction 
by units of an (n)th power of 2(2 n , n = 0, 1,2, — ), to provide a plurality of values(a, 2a, 4a, 8a, 
— ) from the first value 'a', which are first intermediate operands, 

a second shift left for shifting the second value V from the second multiplexer to a left 
1 5 direction by units of an (n)th power of 2(2 n , n = 0, 1 5 2, — ), to provide a plurality of values(b, 2b, 
4b, 8b, — ) from the second value 'b', which are second intermediate operands, and 

an operation processing unit for conducting operations required for obtaining the final 
operands and the numerators in the conversion operation equation from the first intermediate 
operands and the second intermediate operands. 

20 21 . A device as claimed in claim 1 8, wherein the denominator generating unit shifts the 
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numerator fl from the numerator generating unit by units of (n)th power(n=0, 1, 2, 3, — ) of 2 
in a right direction, to provide a plurality of values Y2, 1/4, 1/8, 1/16, — (n=0, 1, 2, 3, — ), and 
an operation processing unit for processing operations required for obtaining denominator 
of the conversion operation equation and a luminance signal having a final converted format 
5 using the plurality of values. 

22. A device as claimed in claim 17, wherein the second processing unit includes; 
a delay for delaying a chrominance signal, 

an averaging unit for averaging a chrominance signal Cn-1 received presently and the 
chrominance signal delayed in the delay, 
10 a first multiplexer for selectively providing either one of the chrominance signal received 

presently and a value from the averaging unit under the control of the control unit, and 

a second multiplexer for selectively providing either one of the chrominance signal Cn 
delayed in the delay and a value from the averaging unit under the control of the control unit, 

an operand mapping unit for utilizing the delayed luminance signal from the delay and 
15 a luminance signal received presently in determining initial operands to be used in a conversion 
operation equation, i.e., a first value 'a' and a second value t b\ according to a format conversion 
ratio, 

a numerator generating unit for generating a numerator in the conversion operation 
equation using the operands of the conversion operation equation from the operand mapping unit, 
20 and 

a denominator generating unit for selecting a denominator of the conversion operation 
equation, dividing the numerator of the conversion operation equation from the numerator 
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generating unit with the selected denominator, to obtain a converted luminance signal. 

23 . A device as claimed in claim 1 7, further comprising a ratio detecting unit for detecting 
a format conversion ratio from an input video format to an output video format and providing 
the detected format conversion ratio to the vertical format converting unit and the horizontal 
format converting unit. 



29 



1 * 



ABSTRACT 

Device for converting a video format including a control unit for determining an 
operation conducted at the present time, recognizing an operation to be conducted at the next 
time based on the operation conducted at the present time, and providing control signals suitable 

5 for the operation to be conducted at the next time, according to an input video format of an input 
video signal and an output video format of an output video signal desired to provide, and a 
processing unit for conducting operations required for converting the input video format into the 
output video format desired to provide in response to the control signals form the control unit, 
thereby requiring very simple modification of hardware for being adoptive to an addition of a 

10 new format and facilitating display of a variety of modes the user requires. 
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our invention thereof or more than one year prior to this application, that the same was not in public use or 
on sale in the United States of America more than one year prior to this application, that the invention has not 
been patented or made the subject of an inventor's certificate issued before the date of this application in any 
country foreign to the United States of America on an application filed by me or my legal representatives or 
assigns more than twelve months (six months for designs) prior to this application, and that no application for 
patent or inventor's certificate on this invention has been filed in any country foreign to the United States of 
America prior to this application by me or my legal representatives or assigns, except as follows. 

I hereby claim foreign priority benefits under Title 35, United States Code, §119 (a) -(d) of any foreign 
application (s) for patent or inventor's certificate listed below and have also identified below any foreign 
application for patent or inventor's certificate having a filing date before that of the application on which 
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I hereby claim the benefit under Tide 35, United States Code, §1 19(e) of any United States provisional 
application (s) listed below. 



(Application Number) 



(Film g Date) 



(Apphcauon Number) {Filing Date) 
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I hereby claim the benefit under Title 35, United States Code, §120 of any United States application (s) 
listed below and, insofar as the subject matter of each of the claims of this application is not disclosed in the 
prior United States application in the manner provided by the first paragraph of Title 35, United States Code, 
§112, 1 acknowledge the duty to disclose information which is material to patentability as defined in Title 37, 
Code of Federal Regulations, §1-56 which became available between the filing date of the prior application 
and the national or PCT international filing date of this applicauon: 
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with a written notice to the contrary: 



Terrell C. Birch 


(Reg. No. 


19,382) 


Raymond C. Stewart 
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(Reg. No. 34,313) 



Send Correspondence to BIRCH, STEWART, KOLASCH & BIRCH, LLP 

P.O. Box 747 • Falls Church, Virginia 22040-0747 
Telephone: (703) 205-8000 • Facsimile: (703) 205-8050 
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knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful false statements mayjeopardize 
the validity of the application or any patent issued thereon. 
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